Local antibody formation in infected rabbit kidneys was studied with three techniques: the ammonium sulfate precipitation technique, the enzyme-linked immunosorbent assay, and by binding of newly synthesized "4C-labeled antibodies to heat-killed bacteria. Local antibody was detected by day 11 of infection with all three techniques, and a significant correlation was found in titers by all three methods. In these studies, antibody synthesized early was in IgG and IgA class, whereas IgM antibodies appeared later (day 20) in the antibody response. No maturation of avidity of local antibody was noted with time. Since it was necessary to use different animals at each test occasion, individual differences in avidity could account for failure to note an increase in avidity with time.
One feature of the immune response in experimental pyelonephritis is the significant synthesis of local antibody (10) . In studies utilizing the precipitation with Escherichia coli antigen of newly synthesized antibody, the principal antibody detected has been IgG (10, 17) . Recently, other investigators have shown significant IgM antibody production early in the course of experimental pyelonephritis using the Jerne plaque technique (12, 18) . The different findings may in part reflect unequal ability of these techniques to measure antibodies of different qualities (15, 16) . A preferable approach would be to measure newly synthesized antibody in biological specimens with a primary binding technique. Such an antibody technique would overcome errors due to the secondary manifestation of antibodies of various immunoglobulin classes in agglutination techniques (15, 16) . Consequently, in the following study, antibody synthesized by the infected kidney in experimental hemotogenous pyelonephritis was determined by two techniques based in primary antigen-antibody binding; the ammonium sulfate precipitation (ASP) technique of Farr (6) and the enzyme-linked immunosorbent assay (ELISA) (5) . The results were compared with those obtained after the binding of radioactively labeled immunoglobulin (10) . Furthermore, methods registering primary antigen-antibody reattions also permit the examination of binding characteristics of the formed antibodies; therefore, studies of avidity of local and serum antibody were performed. It is yet unknown whether a similar development of avidity occurs with the local immune response as has been observed for serum antibodies (2, 9).
MATERIALS AND METHODS
Experimental pyelonephritis. Experimental pyelonephritis was produced in male New Zealand white rabbits as described previously by injecting 108 E. coli 075 cells intravenously while the right ureter was transiently obstructed (10) . At various days after infection, animals were bled and sacrificed, and the right kidney was examined for gross evidence of pyelonephritis. Tissue wedges were placed in 10% formalin and were sectioned and stained with hematoxylin and eosin. Another wedge was cultured for viable organisms. The technique for determination of protein and immunoglobulin synthesis by the incubation of minced kidney slices has been described previously in detail (8, 10) . Antibody determination. Newly synthesized antibody from infected kidney was determined on soluble protein fractions from the incubated kidney slices as well as on the IgG fraction after diethylaminoethyl DEAE (1) chromatography (10) . Three methods were utilized which have been described in detail in previous publications. Firstly, synthesis of IgG antibody against the infecting organism was determined on fractions from DEAE containing IgG exclusively by measuring the binding of 14C antibody to heat-killed suspensions of E. coli 75 by using Pseudomonas aeruginosa as a control antibody for subtraction of nonspecific binding (10 (6) was performed as described by Ahlstedt et al. (2) . The antigen employed was a purified E. coli 075 lipopolysaccharide or somatic (0) antigen prepared by phenol-water precipitation (14) . The antigen was then labeled with l25l (2) and the labeled antigen was incubated with fractions of DEAE containing IgG alone. The titer is the log,, of the reciprocal of the serum dilution which caused specific precipitation of 6% of the antigen. Thirdly, antibody was determined with the ELISA technique (5, 9) by using somatic antigen following phenol-water precipitation (14) and soluble protein fractions prior to or after DEAE chromatography. Antisera against IgG, IgA, and IgM which had been coupled to enzyme were utilized. Thus, an advantage of the ELISA test is that it is possible to utilize material prior to DEAE chromatography, whereas to measure antibody in particular classes with radioactivity binding and ASP technique, purification steps are required. Serum was also obtained on day of study, and antibody was determined by ELISA technique and by macroscopic agglutination as previously described (10).
Avidity determination. The relative intrinsic association constant, K., was determined by the ASP technique as described previously by Ahlstedt et al. (2) . The time required for 50% binding as an index of antibody avidity was estimated with the ELISA technique as described previously by Holmgren and Svennerholm (9) . Statistical methods. Statistical analyses were performed by using the Spearman rank correlation test (7) .
RESULTS
Local antibody. Local antibody synthesized by the infected kidney in the IgG immunoglobulin class was determined by the three techniques (Table 1 and Fig. 1 ). Small quantities of inverse relationship observed with the two methods was significantly correlated (r = 0.55; P < 0.05). The avidity or time binding was a function of individual experiments, and there was little development of avidity with time after onset of infection. Further, there was no correlation between avidity determinations and positive viable bacterial cultures from the right kidney (Table 3) . Both low and high avidity antibodies were synthesized by kidneys with positive cultures (days 11 and 27) and antibodies of both low and high avidity were found in animals with no viable organisms in the kidney (day 28 and 21, respectively). Rather poor correlation was found between the avidity of serum antibodies and antibodies locally produced (r = 0.26; n.s.; Table 3 ).
DISCUSSION
The local antibody response in an experimental pyelonephritic infection was evaluated by three methods. Both the ASP techniques of Farr (6) and the ELISA (5) In these studies, local antibodies of the IgG class appeared first (by day 11), whereas IgM antibody was present later. These observations demonstrate an unexpected reversal of the usual sequence of antibody synthesis. In previous studies performed with both protein and lipopolysaccharide antigens, the usual sequence in serum antibody response is for IgM antibody to appear initially followed by IgG antibody (3, 11, 19) . The present studies indicate that antibody synthesized at a local site of infection may not follow this scheme. In our studies, no sequence of IgM to IgG was noted in serum antibody response, since IgM and IgG antibody were noted on day 6.
In these studies, antibody in the IgA class to the somatic antigen was present early (days 14 (17) . This IgA synthesized later probably represents antibody to other than somatic antigen of the bacteria. In one study of IgA response in viral infection, local IgA antibody has been found in secretions after 3 weeks of infection (4) . Such variations might be due to the different nature of the immunogens in the studies. These methods were used to see if the development of avidity for local antibodies is similar to that for serum antibodies. In previous studies, the avidity of serum antibodies to E. coli lipopolysaccharide has been shown to increase with time during the immune response (1). These studies did show a significant correlation between the avidity values obtained by the ASP technique and the rate of binding measured by the ELISA, thus indicating validity for the latter technique in estimating antibody activity. However, no development of avidity was noted with local antibody but only variation with individual experiments occurred. This could at least partly be due to individual variation which could result from use of different animals in consecutive experiments. In these studies, serum antibody avidity did not increase in time, which might support this possibility. There also was no correlation between avidity and presence or absence of viable organisms nor was there correlation between avidity of local and serum antibodies. Differences between serum and local antibody do not favor the concept that serum antibody originated from local antibody synthesized in kidney (12, 13) . These observations suggest that mechanisms and schema developed in study of serum antibody may not completely apply to antibody synthesized at the local site.
